Enterotoxigenic Escherichia coli (ETEC) strains of serotype 0153 : H45 have been found recently to be a frequent cause of sporadic cases and outbreaks of neonatal diarrhoea in Spain and the most important cause of infant diarrhoea in Chile. Relationships between sugar fermentation patterns, resistance to antibiotics and plasmid profiles were analysed in nine E. coli 0153:H45 strains isolated in Spain that synthesised CFA/I antigen and STa enterotoxin. Derivative strains obtained by curing with acridine orange, and transconjugants rendered antibiotic resistant, were characterised phenotypically and analysed for plasmid content. Two fermentation patterns were recognised : rhamnose fermenters (four strains) and rhamnose non-fermenters (five strains). The ability to ferment rhamnose was the only differential characteristic found among 49 carbohydrate fermentation tests used to establish fermentation patterns. All nine strains possessed similar plasmid profiles of three or four plasmids of 52-87 Mda. A non-conjugative large plasmid of 82 Mda or 87 Mda, depending upon the strain, was identified as that responsible for production of both CFA/I and STa. Resistance to antibiotics was determined by plasmids other than those coding for CFA/I and STa. Two conjugative resistance factors were identified: a 52-Mda plasmid coding for resistance to ampicillin, streptomycin and sulphonamide in rhamnose-fermenting strains, and a 77-Mda plasmid coding for resistance to ampicillin, streptomycin, kanamycin, tetracycline and sulphonamide in rhamnose non-fermenting strains. Our results support the hypothesis that the prevalence and distribution of ETEC strains belonging to serotype 0 1 53 : H45 in Spain and Chile could be due to the extensive cultural relations between Spain and South America from the past.
Introduction
Enterotoxigenic Escherichia coli (ETEC) strains are the major causative agents of diarrhoea in children in developing and cause occasional sporadic cases and epidemic outbreaks of diarrhoea in developed countries of diverse ~l i m a t e .~-~ ETEC strains are characterised according to serotype, production of thermolabile (LT) or thermostable (STa) enterotoxins, or both, and possession of fimbrial structures named colonisation factor antigens (CFAs) which enable them to attach to and proliferate in the small bowel?' Production of LT and STa enterotoxins and colonisation factor antigens CFA/I and CFA/II is determined by plasmids. [13] [14] [15] [16] Single recombinant plasmids may exist for determining production of both enterotoxin and CFA. One such plasmid determining STa and CFA/I production and one determining LT, STa and CFA/IIproduction have beendescribed.13, l 6 Many Received 17 May 1990; accepted 13 July 1990. different serotypes have been found among ETEC strains although most strains from Asiatic and African countries are of a small number of serotypes, e.g., 06, 08, 015, 025 and 078.3 However, little is known about the incidence and distribution of serotypes and biotypes among ETEC strains causing sporadic cases and outbreaks of diarrhoea in South America and Europe.4v69 7* I 8 Some ETEC strains, particularly those of serotype 0153 : H45, have been described as the major cause of infant diarrhoea in Chile17 and were also detected occasionally in Thailand, l 9 the Central African Republic2 and Somalia. 20 We have reported recently that ETEC strains of serotype 0153:H45 producing STa and CFA/I were the most important enterotoxigenic E. coli strains causing sporadic cases and epidemic outbreaks of diarrhoea in children under 3 years of age in Spain. l 8 In this study we report the biotypes, resistance to antibiotics and plasmid profiles of these strains. Plasmids coding for STa and CFA/I were identified and the most relevant antibiotic resistance factors were localised.
Materials and methods
inocula of pellicles formed in static Mueller-Hinton broth after 5 days at 37°C. Bacteria Nine E. coli strains of serotype 0 1 53 : H45 producing STa and CFA/I were used. They were selected from the 31 STa-producing E. coli strains isolated in a previous study in Spain of infantile diarrhoea. '
Biotyping and sugar fermentation patterns
Strains were biotyped by the API-2OE System (API System, Montolieu Vercieu, France). Furthermore, the carbohydrate fermentation pattern of wild-type strains and cured derivates was determined with the API-5OCH System. The 49 carbohydrates used as fermentation substrates were : glycerol, erythritol, Dara binose , L-ara binose , ribose , D-x ylose , L-x y lose, adonitol, P-methyl-D-xylose, galactose, D-glucose, Dfructose, D-mannose, sorbose, rhamnose, dulcitol, inositol, mannitol, sorbitol, a-methyl-D-mannoside, a-methyl-D-glucoside, N-acetyl-glucosamine, amygdalin, arbutine, aesculin, salicin, cellobiose, maltose, lactose, melibiose, sucrose, trehalose, inulin, melezitose , r affinose , starch, glycogen, x y li tol, gent io b iose , D-turanose, D-lyxose, D-tagatose, D-fucose, L-fucose, D-arabitol, L-arabitol, gluconate, 2-ketogluconate and 5-ketogluconate. Fermentation tests were examined after incubation for 24 h and 48 h at 37°C.
Enterotoxin (STa) assay
Production of STa was assayed by the infant mouse test (IMT) as described 22 Ratios of intestinal weight/remaining body weight > 0.1 were considered indicative of enterotoxin production. Thermostability of STa was confirmed by re-testing culture filtrates after heating them at 80°C for 20 min.
Haemagglutina t ion tests
Mannose-resistant haemagglutinating activity (MRHA) for human erythrocytes of groups A and 0, and for bovine erythrocytes was assayed by the rockedtile method described previously. 239 24 It was indicative of the presence of CFA/I. 23 For haemagglutination tests, bacteria were grown statically in Mueller-Hinton Broth (Difco) at 37°C for 5 days and the pellicle formed was plated out on casaminoacids-yeast extract agar (CFA-agar)25 and incubated for 18 h at 37°C.
Bacterial surface hydrophobicity determinations
Surface hydrophobicity was measured by determining the minimal molar concentration of ammonium sulphate at which bacterial cells aggregated, according to the test described previously.26* 27 Bacterial suspensions in 0.02 M phosphate buffer (pH 6-8) were from cultures on CFA-agar incubated at 37°C for 18 h from
Detection of CFAII
Strains were examined for CFA/I by an improved staphylococcal co-agglutination test with Staphylococcus aureus strain Cowan I (NCTC 8530) coated with anti-CFA/I rabbit serum specifically adsorbed, as described previously. 28 The specificity of the reagent for CFA/I antigen was verified. For the test, a colony of bacteria grown on CFA-agar was removed with a tooth-pick and suspended in 50 pl of co-agglutination reagent without antiserum (control) and in 50 pl of coagglutination reagent with antiserum (test) on a glass slide. After rotating the slide for 30 s, the test suspension was observed for strong agglutination which was not present in the control.
Antibiotic susceptibility determinations
Susceptibility tests were performed by the standard disk diffusion test described previously2' with (disk content): ampicillin 10 pg, streptomycin 10 pg, gentamicin 10 pg, kanamycin 30 pg, tetracycline 30 pg, chloramphenicol 30 pg, polymyxin B 300 units, nalidixic acid 30 pg, trimethoprim 5 pg, nitrofurantoin 300 pg and sulphonamide 300 pg.
Plasmid curing and conjugation experiments
These were performed by methods described previously3' with slight modifications. In curing experiments, bacteria were grown in Luria broth (Lbroth) containing acridine orange 200 pg/ml for 24 h at 37°C. After incubation, the appropriate dilutions of the culture were plated on CFA-agar and well-isolated colonies were tested for lack of agglutination with the specific anti-CFA/I co-agglutination reagent. Presumptive cured CFA/Icolonies were re-tested for lack of agglutination after static growth for pellicle formation, and were then tested for production of STa. Conjugation experiments were performed in Lbroth by mixing 1 ml of the donor strain culture with 10 ml of the recipient strain culture, both previously grown in fresh L-broth at 37°C for 2 h with shaking (200 rpm). Conjugation matings were incubated statically for 18 h at 37°C. After incubation, flasks were shaken vigorously and appropriate dilutions in sterile L-broth were plated on L-agar containing nalidixic acid 30 pg/ml. Isolated Nal' colonies were subcultured into Mueller-Hinton broth incubated for 5 days at 37°C for pellicle formation, plated on CFA-agar for 18 h at 37°C and then tested for the presence of CFA/I by co-agglutination.
DNA extraction and electrophoresis
Plasmid DNA was extracted from cultures of bacteria according to methods published previously3 ', 32 and electrophoresed in agarose 0.7% gels at 10 V/cm. 
Control strains
The following E. coli strains were used as controls : H10407, m452-C1 and m633-C123 for production of STa and CFA/I ; K 12-7 1 1 lac -D-arabrham + nal' as a recipient strain in conjugation experiments; V5 1 733 and H1040714 as sources of plasmids of known size for use as markers. E. coli 0153:H45 CFA/I+ STa+ strain DlOO isolated in Chile" was used to compare its biotype and resistance to antibiotics with those shown by the other strains of this study.
Results

Biotyping and fermentation patterns
All nine E. coli 0153:H45 STa' CFA/I+ strains were confirmed as being E. coli by the API-20E system. Four strains had the profile 5144552 whereas the other five had the profile 5144542 (table I). The only difference between these two biotypes was the ability of the four strains isolated in La Coruiia having the former profile to ferment rhamnose. When the E. coli strains were studied for their ability to ferment 49 carbohydrates, the only difference observed in their profiles was that relating to rhamnose fermentation. All nine strains fermented glycerol, D-arabinose, Larabinose, ribose, D-xylose, galactose, D-glucose, Dfructose, D-mannose, mannitol, sorbitol, N-acetylglucosamine, maltose, lactose, melibiose, trehalose, Lfucose and gluconate. The fermentation patterns of eight other enterotoxigenic strains isolated in Spain of serotypes 027 : H7 (three strains, STa+), 0 2 4 : H 15 (one strain, STa'), 089 : K -: H15 (one strain, STa') and 06:K15:H16 (three strains LT+ STa' CFA/II+) were tested similarly. All of these strains fermented rhamnose but differed from the strains of serotype 0153 : H45 in their fermentation patterns with at least three other sugars. To determine whether all 0153 strains isolated from each individual child exhibited the same fermentation pattern, 3-5 E. coli colonies isolated from each child were tested. All the E. coli colony isolates of serotype 0 1 53 : H45 from each child showed the same fermentation pattern whereas all the non-0 153 colony isolates were of different fermentation patterns.
Antibiotic susceptibility
All nine 0153:H45 strains were resistant to ampicillin, streptomycin and sulphonamide. Rhamnose non-fermenting strains in addition were resistant to kanamycin and tetracycline, whereas among the rhamnose fermenting strains, only one strain (CD68b) was resistant to kanamycin (table I) .
Plasmid profiles
The plasmid profiles of all nine 0153 E. coli strains were similar and showed three or four large plasmid bands of 52-87 Mda ( fig. 1 ). The characteristic plasmid profile for each original 0 1 53 strain was confirmed by the plasmid analysis of additional 0153 colonies isolated from the same sample. All the 0153 colonies isolated from the same child showed an identical plasmid profile. Some plasmids were common to strains which differed in biotype, isolation source and date of isolation ( fig. 1 ).
Curing of plasmids
From a total of 587 E. coli colonies isolated after treatment of the nine 0153 strains with acridine orange investigated for lack of CFA/I antigen (table  11) , 64 CFA/Iderivative strains were investigated for the production of STa, antibiotic resistance and plasmid content. Plasmid analysis showed that CFA/I and STa were coded in a large plasmid of 82 or 87 Mda, depending on the strain (table 111) . Derivative strains lacking the plasmid coding for CFA/I and STa 
Conjugal transfer of plasmid-borne factors
After conjugation experiments, 450 Nal' colonies were tested for production of CFA/I. No transconjugant strain producing CFA/I was found. Nevertheless, in some of the Nal' colonies the lac-arab-rham' biotype was found. These transconjugants showed the characteristic resistance pattern of their corresponding donor strain and possessed plasmids confirming their character as transconjugant colonies. By comparing the phenotypic properties and plasmid content of usually remained resistant to antibiotics and showed the same resistance pattern as the original parent strain. Most (55,86%) of the derivative strains lacking CFA/I were also unable to produce STa but 9 (14%) derivatives from strains CD69a, CD99a and SD72a produced STa (table 11) . These CFA/I-STa' derivative strains carried a new plasmid not found in the corresponding parent strain ( fig. 2 ). Thus, derivative strain CD69a-5 possessed a 34-Mda plasmid, CD99a-2 an 82-Mda plasmid and SD72a-1 a 42-Mda plasmid. A 58-Mda plasmid not present in strain SD53a, was also detected in the CFA/I -STa-derivative strains from this strain. Derivative strains lacking the plasmid coding for CFA/I showed lower surface hydrophobicity than their CFA/I + parent strains and were MRHAnegative in tests with human and bovine erythrocytes (table 111). With human group A and 0 erythrocytes and bovine erythrocytes. these transconjugant strains it was possible to identify the plasmids coding for antibiotic resistance in the original 0 1 53 strains (table 111) . Two resistance factors transferable by conjugation were detected : a 52-Mda plasmid found in transconjugants from rhamnosefermenting strains coding for resistance to ampicillin, streptomycin and sulphonamide, and a 77-Mda plasmid found in transconjugants from rhamnose-nonfermenting strains coding for resistance to ampicillin, streptomycin, kanamycin, tetracycline and sulphonamide. Transconjugant colonies that had received antibiotic resistance factors showed the same API-20E and API-5OCH profiles as the recipient strain K12-711, and also showed bacterial surface hydrophobicity similar to that of the recipient strain.
Discussion
E. coli strains CD68b, CD69a, CD79a and CD99a of serotype 0153 : H45, isolated from sporadic cases of diarrhoea in La Corufia between August and October 1986, were all rhamnose fermenters and, except for resistance to kanamycin in strain CD68b, showed the same pattern of resistance to antibiotics. These results indicate that the "apparent" sporadic cases of diarrhoea associated with these strains must be assumed to represent an unclassified outbreak caused by a single 0 1 53 epidemic strain. Nevertheless, although plasmid profiles for these four strains were very similar, they were not identical and the plasmid profiles of strains CD68b and CD69a were slightly different from those of strains CD79a and CD99a, supporting the view that these four 0153 strains were not of the same bacterial clone ( fig. 1 ). On the other hand, E. coli strains SD53a and SD72a of serotype 0153:H45 isolated in Santiago, 70 km from La Coruiia, were rhamnose non-fermenters and showed plasmid profiles and antibiotic-resistance patterns considerably different from those of the strains isolated in La Coruiia. Furthermore, E. coli strains 1782,57767 and 422262 of serotype 0153:H45 associated with outbreaks of diarrhoea in Madrid and Valencia in 1982 and 1984, showed a very similar plasmid profile; all were rhamnose non-fermenters and possessed the same antibiotic-resistance pattern as the Santiago isolates (table 111) .
Many different bio-serotypes have been described for ETEC strains', although little is known about the distribution of strains and biotypes of the ETEC serotype 0153: H45. Such strains have been detected in the Central African Republic,2 Thailand' and Somalia,20 and were found to be the most common enterotoxigenic strains causing infantile diarrhoea in Chile17* 34 and Spain.79 l 8 This latter finding suggests that the selection and distribution of this ETEC clone could have been influenced by the close cultural connections from the past between Spain and South America. Our results may support this hypothesis on the basis of the similarities between the biotypes, resistances to antibiotics and plasmid profiles in strains isolated in Spain and those described for strains isolated in Chile. Nevertheless, we have found some differences in biotypes and resistance patterns. Thus, among the 0153 strains isolated in Spain we have found two biotypes based on the ability to ferment rhamnose (table I) . This result suggests the existence in Spain of at least two clones of 0153:H45 strains producing CFA/I and STa. The Chilean strain DlOO" was of the rhamnose-fermenting biotype and showed a fermentation pattern for the other sugars identical to that found for the strains isolated in Spain. Thus, 0153 strains of the rhamnose-fermenting biotype were present in La Coruiia and Chile, whereas strains of the rhamnose-non-fermenting biotype were distributed widely inside Spain (table I) having been isolated in Santiago, Madrid and Valencia. We have no information about the complete biotypes of ETEC 0 1 53 : H45 strains isolated in countries other than Spain and Chile, but it would be interesting to analyse these strains at least for the fermentation of rhamnose, their antibiotic resistance patterns and plasmid profiles.
Genes coding for CFA/I and STa in 0153 strains have been found previously to be localised in one plasmid of 52-78 Mda in strains from Chile,17 or of 60 Mda in a strain from the Central African Republic. For the 0153 strains isolated in Spain, we have found these plasmids to be 82 and 87 Mda, and, as found by others34 working with Chilean strains, to be nonconjugative.
All the Spanish 0153 strains possessed resistance factors transferable at high frequency by conjugation to E. coli K12-711 (table 111) , and, like those of the 0153 strains isolated in Chile, Somalia, Thailand and the Central African Republic,2y 17* 209 34 they were resistant to ampicillin, streptomycin and sulphonamide. .The Spanish strains of the rhamnose-non-fermenting biotype were also resistant to kanamycin and tetracycline, like the 0153 strains isolated in the countries cited above. Thus, the ETEC 0153 strains isolated in different countries have a similar pattern of resistance to antibiotics. We have found that plasmids coding for CFA/I and STa and those coding for resistance to antibiotics remain as separate entities in bacteria of serotype 0153:H45. Although the existence of recombinant plasmids coding together for enterotoxins, colonisation factors and resistance to antibiotics, has been described,"* 133 l6 ETEC strains are usually less frequently multi-resistant to antibiotics than non-ETEC strains, although they may carry more plasmids than non-ETEC strains. This suggests the existence of a generalised process of incompatibility between enterotoxigenic plasmids and drug resistance factors as has been reported previ~usly.~' Some of the derivative strains obtained after curing with acridine orange contained plasmids of a size not found in the original strains from which they were obtained (table 111) . Some such strains, e.g., CD69a-5, CD99a-2, CD99a-6 and SD72a-1, were unable to produce CFA/I but produced STa. We speculate that the plasmids unique to these atypical derivatives arose through the dissociation of the recombinant plasmid coding for both CFA/I and STa. Additional experiments will be required to confirm this hypothesis.
Plasmids present in strains CD69a, SD53a, 1782 and 422262 were digested with restriction endonucleases EcoRI and BamHI. Restriction fragment patterns obtained in agarose 1.5% gels showed extensive, but not total, homology between the plasmids contained in these four 0153 strains (data not shown).
In conclusion, our results suggest that ETEC 0153 : H45 strains producing CFA/I and STa may be considered endemic, widespread enteropathogens in Spain and that many of the sporadic cases and outbreaks of infantile diarrhoea in this country are caused by rhamnose-fermenting or non-fermenting clones of this serotype. Moreover, Spanish and Chilean 0 1 53 ETEC strains possessed many characteristics in common, supporting previous observations. This may indicate the spread of these organisms from a common origin to these countries because of past extensive cultural relationships between them.
This study was supported by grants (XUGA 8430489 and 84301 188) from the Xunta de Galicia (Autonomous Government of Galicia, Spain), F.I.Sss 90/0447-2) from Fondo de Investigaciones Sanitarias de la Seguridad Social, and (DGICYT PM89-0142) from Direccibn General de Investigacih Cientifica y Tbcnica. JIG and MJ acknowledge the Ministerio de Educacibn y Ciencia (Spain) for F.P.I. research fellowships. We thank S. Fernindez for skilful technical assistance.
